This paper studied the effects of lime treatment on the pre-dewatered sludge from a wastewater treatment plant in Beijing. The moisture, leaching solution's pH, heavy metals and organic matter content have been analyzed before and after lime treatment on the sludge. The results showed that: the moisture of the original sludge significantly impacted by the lime treatment. 25% of lime dosage by weight was needed in the process of treating sludge moisture from 86.60% to 60%, while only 20% is needed in the process from 80.62% to 60%; The mixed materials' pH has no significant difference after dosing more than 10% lime, all samples' pH values were around 13 after lime treated 30min, the pH trend basic on 120d monitoring shows the pH was slightly declined but still above 12; Lime treatment on sludge has effects on immobilization of heavy metals. After dosing 10% of lime, the leaching solution's Ni, Cu, Zn contents dropped from 0.55 mg/L, 2.42 mg/L and 1.09 mg/L to 0.13 mg/L, 1.54 mg/L and 0.01 mg/L; Lime treatment on sludge has a promoted stabilization of organic matter. After dosing 10% and 20% of lime, the mixtures leaching solution's COD reduces sharply, from 1950mg/L to 298mg/L and 152 mg/L respectively. These indicate that lime treatment has obvious effect on sewage sludge stabilization.
Introduction
The treatment and disposal of sewage sludge is an expensive and environmentally sensitive problem. It is also a growing problem worldwide since sludge production will continue to increase as new sewage treatment works are built and environmental quality standards become more stringent. China produced about 4 Mt of sludge (measured as dry matter) in 2011 [1] , which would be over 6 Mt in 2020 [2] .
The improvement of sewage sludge management is a key objective for the development of an integrated strategy for wastewater management. Sewage sludge has been already utilized in agricultural and horticultural applications for several years as it represents an alternative source of nutrients for plant growth and an efficient soil conditioner enhancing certain physical properties of soil [3] . However, sewage sludge may contain pathogenic organisms and pollutants, a range of toxic metals and high amounts of soluble salts, which may negatively affect the soil properties. Recently increased attention was paid to the sludge stabilization process aiming to minimize the mobility of heavy metals by using various additives, due to compliance to more stringent regulations issue in USA and European Union [4~6] .
Lime is considered as one of the most common amendment materials for sewage sludge stabilization, as it plays significant role in reducing the microbial content of sludge (pathogens), as well as the availability of heavy metals, enhancing the agricultural benefits and lowering the respective environmental risks [7] . This process has been proposed for the advanced treatment of sewage sludge in the relevant EU working document on sludge usage [8] . The high pH values of the lime-sludge mixture maintained for extended periods, result in the destruction of microbial communities and in the reduction of metal bioavailability [9] . The present paper proposes a procedure for sewage sludge management via a stabilization treatment with lime and re-use of the product obtained as a raw material in the preparation of cement raw mixes [10] .
In this study, we used a bench-scale mixing system to systematically evaluate the usefulness of a suite of methods based on the biological, chemical, and physical properties of lime-amended sludge for quantitatively measuring the extent of lime incorporation into pre-dewatered sewage sludge from a wastewater treatment plant in Beijing.
Methodology and materials
Pre-dewatered sewage sludge was mixed first in order to make the character, homogeneity of dispersion and content of samples was not obvious, the moisture was about 80%~85%. Lime was added to the sludge in the mixer, where it is mixed vigorously with rotary blades to obtain a dry, smooth product with a fine particle size. The mixing lasted 10min with a speed of 100r/min.
The moisture, leaching solution's pH, heavy metals and organic matter content have been analyzed before and after lime treatment. The moisture was measured with oven temperature set at 105+/-5 C for 24 hours drying and tested the change of samples weight. The pH was measured at room temperature in slurries prepared by adding 10 g of sludge (measured on a wet weight basis) to 20 mL of deionized water and occasionally mixing by Shaking Bath for 30 min (20 C, 150r/min). Take 10 ml liquid centrifugal separation 5 min, measured the pH of liquid supernatant with PHS-25 pH tester. The leaching toxicity was tested with horizontal vibration method. Pb, Zn, Cr, Ni, Cd, Cu were analyzed by Inductively Coupled Plasma-Atomic Emission Spectrometry (ICP-AES). COD was analyzed with the potassium chromate method.
Results and discussion
Dewatering of the sludge is an important aspect in sludge treatment and management, since removal of the moisture content may decrease the total volume of sludge; additionally the pH represent an indication of the concentration of microorganism in the sludge; thus, the measurement of moisture and pH is essential for the assessment of the efficiency of the stabilization process. The values of pH and moisture as a function of stabilization period are presented in Figure 1 , for the various mixtures, respectively. In contrast, the control group (named as Normal treated) replaces the lime by dry soil. Lime treatment showed a significant dewatering effect. The moisture of two groups have a gap of around 10%, the reasons could be the reacted between water and lime, which made the temperature begins to rise from an average 15-20 C to nearly 100 C, favoring the evaporation of the water in the sewage sludge [11] . Meanwhile, the pH values of lime-sewage sludge sample remained highly alkaline, close to 13, which was close to 7 in the control group. The pH values presented slight variations with the stabilization time for all the examined samples after 120 days (Figure 2) , possibly due to the reaction of calcium ions with atmospheric carbon dioxide. Similar results during the stabilization of sewage sludge by lime have been observed by Akrivos et al. [12] , where it was also concluded that the required lime dosages in order to maintain high pH should exceed 6%. The trend of moisture in the produced mixtures is shown in Figure 3 . Adding 30% dosage lime and 30min later, the moisture is drop to 58.86%, which need more than 24h with a dosage of 10%. The longer time holding, the drier mixture got, that may due to the dry conditions.
In addition, extraction toxicity is one of the most important identification parameter of hazardous waste toxicity. The result in Table 1 showed that, lime treatment on sludge has effects on immobilization of heavy metals. After dosing 10% of lime, the leaching solution's Ni, Cu, Zn contents dropped from 0.55 mg/L, 2.42 mg/L and 1.09 mg/L to 0.13 mg/L, 1.54 mg/L and 0.01 mg/L; Lime treatment on sludge has a promoted stabilization of organic matter. After dosing 10% and 20% of lime, mixtures leaching solution's COD reduces sharply, from 1950mg/L to 298mg/L and 152 mg/L respectively. According to Chinese Control Standards for Pollutants in Sludge from Agricultural Use (GB 4284-84 1985), the limits for metal concentrations in the sludge met the request. However in the case that the stabilized sludge would be potentially disposed to a landfill site, characterization of the leaching properties of mixtures should be conducted according to the GB18598-2001, on the establishment of criteria and procedures for the acceptance of waste at landfills. Comparing the limits for the metal concentrations in leachates set by the legislation to the values by the GB18598, sludge as its high moisture can't load in landfills directly. However the mixtures examined in the present study showed substantial decrease of metal leaching and thus, the mixtures can be.
Conclusions
The results showed that: the moisture content of the sewage sludge significantly impacted by the lime treatment; The mixtures' pH has no significant difference after dosing more than 10% lime, all samples' pH were around 13 after lime treated 30min, 120 days monitoring on the pH value change trend shows it was slightly decline but still above 12; Lime treatment on sludge has some effects on immobilization of heavy metals. Lime treatment on sludge has a promoted stabilization of organic matter. These indicate that lime treatment has obvious effect on the sewage sludge stabilization.
